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REMARKS 

Entry of the foregoing, reexamination and further and favorable 
reconsideration of the subject application in light of the following remarks, pursuant 
to and consistent with 37 C.F.R. § 1.112, are respectfully requested. 

By the present amendment, claims 27-30, 33-34 and 38 have been canceled 
as directed to a non-elected invention. Applicants reserve their rights to file one or 
more divisional applications directed to the canceled subject matter. Additionally, 
claim 40 has been added. Support for this new claim can be found on, at least 
pages 22-23, of the originally filed application. Applicants submit that no new matter 
has been added via this amendment. 

Turning now to the Office Action, claims 36 and 37 have been rejected under 
35 U.SC. § 1 12, first paragraph, as purportedly failing to comply with the enablement 
requirement. For the following reasons, this rejection is respectfully traversed. 

In rendering this rejection, the Examiner has asserted that the specification 
does not enable a vaccine composition directed against malaria comprising a 
molecule having one or more peptide sequences bearing all or part of one or more T 
epitopes resulting from the infectious activity of P. falciparum in hepatic cells. In so 
doing, the Examiner has relied on several references and has concluded that "as of 
2001, there is no effective vaccine that comprises the LSA alone or in combination 
with other malaria vaccines." Thus, the Examiner has finally concluded that the 
claims 36-37 are not enabled. Applicants disagree with this conclusion for the 
following reasons. 

Simply because, as of 2001 , no vaccines for malaria comprising LSA alone or 
in combination have been disclosed in the literature does not mean that LSA alone 
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or in combination does not have vaccinating capabilities. Indeed, it is well known in 
the art of malaria vaccines that vaccine clinical trials are extremely long-term studies 
that are carried out in many phases and that take more than ten to twelve years for 
the full set of clinical trials. 

These clinical trials are extensive and involve the following: 

(1 ) Phase la - test for safety and immune response on volunteers in an 
industrialized country; 

(2) Phase2a - test for safety and immune response on volunteers for 
challenge study in an industrialized country; 

(3) Phase lb - test for safety, immune response and preliminary efficacy on 
volunteers for phase 1 in a disease endemic country; 

(4) Phase 2b - test for safety, immune response and preliminary efficacy 
on volunteers for phase 2 in a disease endemic country; 

(5) Phase 3 - safety and efficacy for clinical study leading to licensure, 
which is the regulatory approval for distribution; and 

(6) Phase 4 - clinical trials which follow-up safety and effectiveness. 
Furthermore, even prior to the clinical trials, basic research must be 

conducted to identify potential useful antigens, vaccine concepts must be developed 
and evaluation of the antigen in animals is required. Finally, a manufacturing 
process for the clinical trial product must be created and evaluated. It will be 
appreciated that even to start a clinical trial extensive experiments and work must be 
undertaken, which takes many years. (See Appendix I). 
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Thus, to draw the ultimate conclusion that LSA vaccines are not enabled 
because there was no vaccine as of 2001 does not in fact consider the actual state 
of the malarial vaccine art. 

Moreover, it is well known in the vaccine art that the principle of vaccination is 
to induce a primed state in a vaccinated subject, so that upon exposure to a 
pathogen, a rapid secondary immune response is generated leading to the 
elimination of the organism and protection from the pathogen. In this regard, the 
success depends upon the generation of T cells and B cells. 

Thus, a humoral response is generated when a new antigen enters the 
environment, such as the body, and it binds to the B-cell which is already making an 
antibody that matches the antigen. This antigen-antibody complex is engulfed by the 
B cell and is partially digested. The antigen is then displayed on the cell surface by 
MHC II for recognition by helper T cells. The B cells are activated by the helper T- 
cells, to divide and produce secreted antibodies which circulate in the serum and 
lymph. 

Cellular immunity is generated when T cells encounter a foreign antigen, its 
receptor binds to the antigen and it is stimulated to divide and produce helper T-cells 
(which activate B-cells with bound antigen), suppressor T cells (which regulate the 
overall response) and cytotoxic killer cells (CTL) (which kill cells with antigen bound 
in MHC-I) (See Appendix II). 

Thus, humoral and cell mediated immune responses are the prerequisite for 
vaccination purposes. 

Indeed, applicants' specification, on at least pages 32-34, discloses the 
antigenic and immunologically properties of the polypeptides of the presently claimed 
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invention. It should be noted that, for example, for the polypeptide 536, it is 
recognized by antibodies originating from the subjects with malaria (by sera of 
chimpanzees immunized with the recombinant complete 536 protein), it co-reacts 
with polypeptides described in Guerin-Marchand et al (Nature) by the intermediary 
repeat sequences, induces the function of antibodies (presence of B epitopes) and 
induces the proliferation of T lymphocytes (presence of T epitopes) in chimpanzees 
and in man. These immunological responses are all indicative of vaccination 
abilities. Thus, applicants' specification does in fact describe B cell and T cell 
production with the antigens of the present invention. 

Moreover, additional indication is given in the references that were cited by 
the Examiner. For instance, Kurtis et al. (1999) reports that there are IL-10 
responses in response to administration of LSA-I and this may augment resistance 
to P. falciparum in chronically exposed humans. Kurtis et al. (2001) discloses that 
LSA-1 specific immune responses include CD8+T cells, IFN-y, IL-10 and antibodies. 
Joshi et al. demonstrated T and B cell epitope responses in LSA-1 peptides from the 
C-terminal and N-terminal regions. 

Thus, applicants' specification, as well as some of the documents cited by the 
Examiner, would indeed indicate that the presently claimed invention is suitable for 
vaccines since immune responses were obtained. 

Moreover, it should be also pointed out that the mere fact that claims may 
encompass inoperative embodiments is not enough, by itself, to show lack of 
enablement. See Atlas Power Co. v. DuPont De Nemours & Co, 750 F2d 1569 (Fed. 
Cir. 1984). 
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Therefore, in view of the above, withdrawal of this enablement rejection is 
respectfully requested. 

Claims 31, 35-36 and 39 have been rejected under the judicially created 
doctrine of obviousness-type double patenting as allegedly being unpatentable over 
claims 1-3 of U.S. Patent No. 6,319,502. While this rejection is respectfully 
traversed, applicants request that this rejection be held in abeyance until there is 
allowable subject matter. At that time, to expedite prosecution, applicants will file a 
Terminal Disclaimer. 

Claims 31 and 35-36 have been rejected under the judicially created doctrine 
of obviousness-type double patenting as allegedly being unpatentable over claims 1- 
3 and 7 of U.S. Patent No. 5,599,542. For the following reasons, this rejection is 
respectfully traversed. 

U.S. Patent No. 5,599,542 discloses a purified polypeptide comprising an 
amino acid sequence which is the repeat sequence of 17 amino acids derived from 
the liver stage, which is rich in glutamine, glutamic acid and leucine. This same 
sequence is described in the present invention, but is not claimed. There is no 
suggestion in this patent that this sequence contains T epitopes. Indeed, as set forth 
below with respect to novelty, the 17 amino acid sequence contains only B epitopes. 

Therefore, claims 31 and 35-36 cannot be obvious in view of claims 1-3 and 7 
of U.S. Patent 5,599,542. Withdrawal of this obviousness-type double patenting 
rejection is thus respectfully requested. 

Claims 31, 35-36 and 39 have been rejected under the judicially created 
doctrine of obviousness-type double patenting as being allegedly unpatentable over 
claims 1-3 of U.S. Patent No. 6,270,771. This rejection is respectfully traversed. 
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However, applicants request that this rejection be held in abeyance until there is 
allowable subject matter. At that time, applicants will file a Terminal Disclaimer 

Claims 31, 32, 35-37 and 39 have been previously rejected under the 
judicially created doctrine of obviousness-type double patenting as being allegedly 
unpatentable overclaims 1-16 and 25 of co-pending Application No. 09/900,963. 
This rejection is respectfully traversed. Nonetheless, applicants request that this 
rejection be held, in abeyance until there is an indication of allowable subject matter 
in either application. At that time, applicants will file a Terminal Disclaimer. 

Claims 31, 35-36 and 39 have been rejected under 35 U.S.C. § 102 (b) as 
being purportedly anticipated by or, in the alternative, under 35 U.S.C. § 103(a) as 
obvious over Guerin-Marchand et al. (Nature, 329/6135:164-167 (1987)). For the 
following reasons, however, this rejection is respectfully traversed. 

In rendering this rejection, the Examiner has asserted that Guerin-Marchand 
et al. discloses (at page 165, col. 1) that the LSA epitopes remain heat-stable and (at 
page 167, col. 1 ) that the 17 amino acid repeat carries at least one epitope. The 
Examiner has thus taken the position that this is conclusive of the fact that the 1 7 
amino acid repeat carries a T epitope. Applicants respectfully disagree with this 
conclusion for the following reasons. 

First of all, it should be clear that in immune reactions the only epitopes that 
produce antibodies are B epitopes, which produces humoral immunity. The B cell 
matures into a plasma cell which secretes antibodies that bind to the pathogen. 

In contrast, T epitopes relate to cellular immunity in which T ceils mature into 
active killer T cells (cytotoxic killer cells or CTL) which bind to the pathogen, killing it. 
The helper T cells activate the B-cells with the bound antigen (See Appendix II). 
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In Guerin-Marchand et al. at page 167 where the following is stated: 

Moreover, the reaction of the synthetic peptide with the serum used in the 
initial screening, together with its reaction with ten other African sera 
indicate that a single 17 amino-acid repeat carries at least one epitope 
corresponding to an antibody specificity in human sera. (Emphasis 
added.) 

It is evident from this statement that the epitope is a B epitope, since T 
epitopes do not bind to antibodies, rather lyse them. 

Finally, to clarify the record so that there is no doubt by the Examiner, 

applicants are enclosing Appendix III, a paper authored by some of the inventors of 

the present invention. The Examiner is directed to page 194, first paragraph under 

results, in which the following is stated: 

All 26 clones were found to contain repetitive sequence encoding tandem 
highly conserved 17-aa repeats, a major B cell determinant well 
recognized by malaria-endemic populations (4, 7). (Emphasis added.) 

It should be noted that cited article 4 is the one currently of record in this rejection. 

Therefore, applicants submit that the claims are not anticipated by Guerin- 
Marchand et al. With respect to the obviousness portion of the Examiner's rejection, 
Guerin-Marchand et al. is silent with respect to any LSA-1 antigens having T 
epitopes. Nor is there any description in this reference of how one skilled in the art 
can produce or find such epitopes. Therefore, Applicants submit that the presently 
claimed invention is not obvious over Guerin-Marchand et al. In view of the above, 
withdrawal of this rejection is respectfully requested 

From the foregoing, favorable action in the form of a Notice of Allowance is 
respectfully requested and such action is earnestly solicited. 
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In the event that there are any questions relating to this Reply, or the 
application in general, it would be appreciated if the Examiner would telephone the 
undersigned attorney concerning such questions so that the prosecution of this 
application may be expedited. 

Respectfully submitted, 

Burns, Doane, Swecker & Mathis, l.l.p. 



Date: November 15. 2004 By: J^tu^ ^j/. I^j 

J5usan M. Dadip 



Registration No. 40,373 



P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



APPENDIX I 




Clinical Trials: Crucial Steps on 
the Road to a Malaria Vaccine 



Malaria vaccine development has traveled provides an overview of the clinical trial 

a long, uneven road. The combination process, specifically as it relates to malaria j : = 

of extremely limited funding, extremely vaccines, and indicates possible outcomes 

difficult science, and relative lack of at each phase. 

interest in the industrialized world has 

made it difficult to progress as quickly as Vaccine Clinical Trials— An Overview 

malaria's toll demands. 

The past several decades have seen a 
In recent years we have begun to significant change in the way that we 

understand the parasite well enough and manufecture and evaluate drugs ahd f 

had adequate technology toproduce vaccines. Subjective, anecdotal exjierience 

promising malaria vaccmes. From minal7< ha$ been placed 1^ scientific methods | : 

proof of principle (observation that bites providing greate* arid greater objectivity, 

from irradiated mosquitoes produce rigor m& c mdiney & assessing the impact ■ 

immunity) to the most recent evidence rf ft ^ ^ Vfldc ^ e ^ ^mpariag : 

of vaccme^induced protection (clinical one agaili?t anQ( y r . dinicil trials are a 

trials in Papua New Guinea and The p6ma[y ^ Y esta&n of scientific method 

Gambia), we know that a malaria vaccine in rnodem pharmacology. " V 

b feasible. Tc«toy the task is to get enough * - * " - 

potential malaria vaccmes to and through Vaecine clinical trials are lo^terta studies : 

the series of clinical trials needed to bnng aimed ^ BaB€a£ng foe safe^ fecy, and " 
the world a licensed product. This paper hnmunogenicity of a new Vacc^e' product. 

Sometimes trials also assess how well the 
product meshes with existing healthcare 
delivery systems* such as riafiojial 
immunization programs. 

Clinical trials are carried oift in phases — 
each phase informing the developers about 
the next steps of testing and development. 
The full set of clinical trials for a successful 
candidate can take more than ten to twelve 
years, may involve as many as 50,000 to 
100,000 volunteers, and may cost upwards 
of $500 million. 

Few vaccine candidates survive 
this rigorous process — one reason 
pharmaceutical research and development 
(RAD) is so expensive. Creation of a 
malaria vaccine for young children, one of 
the most important vaccine-development 
challenges in the world today; is no 
exception. Yet the goal will be achieved— 




we are already seeing modest, bat promising, results. 
The clinical trials currently underway are providing 
an unprecedented depth of understanding of this killer 
disease, along with potential means of taming it 



25-75 "Candidate" Vaccinas 



Only 20% of ibe vacdaw JjpHASE 1 TRIAL 
succeed Phase 1 Trials? 



OnlylOWofihe 

jtuusaed Phase 3 Trials-: 




The Longer Term Goal vs. the Nearer : 
Term Probability .;/?■ 

An ideal malaria vaccine would: 



•ft 



• V Be highly effective in infants, children, and aidulCs; 
: • ^Be safe and have no serious side effects; ; 

• CcmfcT long-term immunity without 
^ : multiple boosters; 

• ^Be-icasy to administer within existing immunization 
. programs and schedules; 

• Nor interfere with other childhood vaccines; 

• - Be easy and inexpensive to manufacture; and 

• fee affordable in low-resource settings (similar 
to childhood vaccines already in national 
immunization programs). 

From what we know today, the more likely first 
generation malaria vaccines will: 

• Be moderately effective in preventing disease and 
designed for infant use; 

• Be safe and nave low incidence of serious 
side effects; 

• Confer shorter term immunity than that of current 
childhood vaccines; 

• Be possible to administer within existing 
immunization programs and schedules; 

• Not interfere with other childhood vaccines; 

• Be difficult and expensive to manufacture; and 



• Be affordable and accessible in low-resource 
settings with the help of donor governments, 
foundations, and multilateral agencies. 

While a less-than-ideal vaccine is expected to have 
significant public health impact 1 , lack of some desired 
characteristics could affect how and where the vaccine 
is implemented. For example, if annual or biannual 
booster doses are necessary* there will be an increased 
burden on the health system. Or, if the best product 
limits severity of infection and reduces morbidity and 
mortality but does not prevent all disease, governments 
and individuals will have more to consider in deciding 
whether, when, and bow to use the vaccine. This is why 
carefully designed and executed clinical trials are so 
important— they help us understand the strengths and 
weaknesses of each vaccine formulation, and guide the 
way to the best, if not the ideal, solution. 



Why Is tt so difficult to create a malaria vaccine? 



Influenza virus 




• Tenamigenic 
: target* 

". • . ' ■ ' i 

• Of ufcich only two 

. induct protective : 
antibodies - 



% -"Most vaccines in use today prevent bacterial and viral - 
^•infections. Bat parasites are much tooto complex, wfth 10- 
( . .100 limes more genetic information than simpler organisms. 



Malaria parasite 




* 4 life stages 

• Many potential 
targets at each 
stage 

♦ Over 5000 
potential antigenic 
targets in total 

• Adapts to the 
immune system 



Malaria Vaccine Clinical Trials: Crucial 
Steps Forward 

Beach research and animal modeling help identify 
vaccine candidates with strong potential, but only 
evaluating vaccines in people can provide the answers 
we need Since a malaria vaccine will be of greatest 
value in malaria-endemic areas, candidates aimed at 
saving lives there must be assessed in die developing 
world. This reality introduces additional challenges. 
Depending on the site, trial infrastructures may have to 
be created though, when feasible, vaccine development . 
programs build on existing research efforts. 

Four phases, except it's not that simple,.. 

Clinical trials typically are designed in four phases, 
each focusing on some overlapping and some new 
research questions, and with increasing numbers 
of volunteers involved in each subsequent phase. 
However, most pharmaceutical research does not end 
up being a straightforward, linear, process — rather it 
tcw0s to be quite iterative. Knowledge gained through 
encouraging as well as "disappointing'' trial results 
often informs further evolution of the product, which is 
again put through the same or an earlier trial phase until 
it deemed ready to "graduate" to the next phase— or 
is rejected as a candidate altogether. 




Added benefits 

Even failure of a vaccine candidate can contribute to the 
success of the overall effort This is true when clinical 
trial data advance scientific inquiry, when the scientific 
community gains experience that will be useful in the 
future, or when a failed or marginal vaccine formulation 
can be dropped so resources can be refocused on still- 
promising candidates. 



Ending Deaths from Materia 



Combating malaria is a 
complex proposition, Undouse 
ofbedners, drugs, and 
insecticides, perhaps combined 
with environmental and other 
factors, means more people 
are dying from malaria today 
than 40 yean ago. 

Defeating malaria in the 
foreseeable future will require 
much better implementation; 
of existing tools, development 
of new drags and insecticide* 
to combat resistance, and 
development of jmalaria . 




Sometimes drug and vaccine developers get lucky when: 
their clinical trials demonstrate unexpected benefits: 

A- •'■ • • 

• Early on* .researchers sought to develop a vaccine . 
. to prevent acute hepatitis B disease in adults. But 

clinical trials demonstrated an even more important 
effect:; when given to m&nts, the vaccine prevented 
liver cancer associated with early infection. This 
makes hepatitis B the world's first anticancer 

. yacejtaer;^ w ; 

• ivermectin; driginally developed as a de-worming 
drug for animals, later proved extremely effective 
for treating; river blindness in humans. 

• Prevnar®, a vaccine designed to prevent invasive 
pneumococcal disease (manifested as meningitis, 
ear infections, pneumonia, and other illnesses) in 
children under age two, seems also to have a herd 
immunity effect in adults. After its introduction in 
2000, researchers noticed a drop in pneumococcal 
disease in non-immunized adults, probably due to a 
reduction in the number of bacteria in children who 
would normally spread the disease. 1 

That said, the malaria vaccine and public health 
communities cannot simply hope that some good will 
come from each malaria vaccine trial. Trials must be 
carefully designed to ensure that vital mtbrmation will 
be gained even if a specific candidate does not perform 
well. Those data increase the chance that unproved 
vaccine formulations will succeed in the next round 
of trials. 
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Phased 1-4 of Malaria Vaccine Clinical Trials— 
Cautious Expansion Based on Facta, Not Faith 

The road to vaccine licensure is long and often full of 
potholes and dead ends as well as successes. As noted, 
completing all the clinical trials needed for licensure 
may take ten to twelve years or longer. 

Vaccine development: A rigorous process 
Typically, vaccine development begins with basic 
and applied research to identify potential candidates, 
modeling to predict how the candidate will interact with 
the immune system, product manufacture for clinical 
trials, and regulatory approval to. use the vaccine in 
human clinical trials. Researchers create detailed trial 
protocols following strict scientific guidelines and with 
extensive attention to human subject protecj&n. The 
protocol explains what the trial seeks to acc^rnplish; 
how it will do so; how many volunteers arela^eded; 
who is eligible to participate; what productsf$ifl be 
tented and at what dosage; what kinds of meS^eal 
tests and care will be provided to volunteers^iand 
what information will be gathered about participants. 
It also provides clear definitions of the study's 
measurable endpoints. . ;■ , 

* H •■• • ■■ . ■'■>[-■ 
Ginical trial phases for malaria; vaccines var^;> : ;' 
somewhat from that of other Vaccines due to^ force 
of infection seen in malaria, and the ability to Rifely 
assess preliminary efficacy injvohinteers not normally 
exposed to the disease. ; 

Phase 1 trials are small, usually involving under 100 
volunteers, and last up to a-year from recruitment to 
initial data analysis. These early trials assess safety of 
the product in humans and identify common adverse 
events, if any. Phase 1 malaria vaccine trials also 
evaluate the vaccine's ability to produce an immune 
response and may be used to determine an appropriate 
dosage for further trials. For malaria, safety trials 
conducted in non-endemic countries (usually the 
country of vaccine origin) are commonly called Phase 
la trials. Once safety and immunogemcity have been 
demonstrated there, trials are conducted in endemic 
countries — Phase lb. Phase lb malaria vaccine trials 
are generally conducted in adults first, then in children 
if the vaccine appears safe in adults. 

Should the product be deemed safe enough to proceed 
to Phase 2 trials* several hundred to a few thousand 
volunteers can be recruited into a trial lasting up to two 
or more years. The current exception to this for malaria 



is sporozoite challenge trials, designated as Phase 2a. 3 
In Phase 2a trials, a small number of malaria-naive 
volunteers in non-endemic countries are vaccinated 
and later exposed to malaria-carrying mosquitoes to 
see how long it takes for them to become infected. At 
die first sign of infection, volunteers are treated with a 
malaria drug thai is highly effective against the strain 
of malaria to which they were exposed. Phase 2a trials 
give a preliminary indication of the vaccine's efficacy 
before the vaccine is taken to Phase 2b— endemic 
country — trials. Key research questions at Phase 2 can 
include: 

• CorrJSrrnation of safety > ■} 

• Immunogenicity, 

• Optimal vaccine composition, number of doses, 
and schedule, i: 

• For malaria vaccines, preliminaiy(fefficacy rf the 
trial is specifically designed to sfil^fe it, and 

• In young children, interference with other 
cbildihcfod vaccinas. 




Sometimes people become overly optimistic about 
successful Phase 2 results, hoping that the product can 
soon be brought to market. With malaria vaccines in 
particular, a series of Phase 2 trials will be needed. 
Briefly, these trials will assess the vaccine: 
• In a stepwise fashion in age groups ranging from 



adults to infants, 

• In a variety of countries with different malaria 
transmission rates and seasonality, and 

• In countries that might have different strains of 
malaria parasites, to assess its safety and efficacy 
across strains. 

After any one of these Phase 2 trials, the vaccine might 
need to be reformulated and then reassessed in Phase I 
or 2 trials. 

If the vaccine performs well in a series of Phase 2 trials, 
a pivotal Phase 3 trial is conducted, assessing the safety 
arid efficacy of the vaccine in tens of thousands of 
volunteers. Phase 3 trials must be large enough to allow 
governments to be absolutely sure the vaccine ^orks 



under varied conditions, including different malaria 
transmission patterns, before it is distributed to the 
population. Phase 3 malaria vaccine trials will last three 
io five years from trial enrollment through follow-up. 
As is true with vaccines against other diseases, a Phase 
3 trial will not necessarily result in a licensable product 

I£ however, Phase 3 results demonstrate safety and 
sufficient efficacy, the manufacturer applies for 
permission to license and market the product and 
submits apian for Phase 4— long-term, post-licensure 
monitoring of safety. This is to ensure that any rare, 
. serious adverse events, including possible delayed side 
effects, are detected early on— events that may not be 
evident until the vaccine is used by millions of people. 
Phase 4 studies also look at vaccine effectiveness- 



Table; Typical Clinical THaj *has*s for Malaria Vaccinas 



Location 



Average 
number of 
participants 



Purpow 



Duration 



Non-endemic . 
country ' 



Fewer than 30 
volunteers per 
study 



To find a safe 



To observe how 
the product af- 
fects the human 
body 

To measure im- 
munogenic! ty 



Up to 12 
months 



Endemic., 
country 



Fewer than ■ : 
1CK) vohintcc^- 



To find a 
dosage .; f >. : Jrf 

To observe 
how the prodF^ 
uct affects thef 
human body 

To expand 
measures of 
immunogenic- 
ity in a ma- 
laria-exposed 
population 



Opto 12 
months 



Non-endemic 
country 



Fewer than 3:0 
volunteers per , 
study ■'••:*• 



To continue to 
monitor safety 
and potential 
side effects 

To measure im- 
munogenciry 

To measure 
preliminary 
efficacy against 
infection 



Endemic 
country 



Several 
hundred to a 
few Thousand 
volunteers per 
study 



Up to 12 
months 



To continue to 
monitor safety 
and potential 
side effects 

To measure im- 
munogenciry 

To measure 
preliminary 
efficacy against 
infection and/ 
or disease 

Can help deter- 
mine optima] 
dosage and 
schedule 



Endemic 
country . 



Up to 2+ years 



Tens.of , 
thousands of 
volunteers in 
total 



Hupdjrcds of thou-, 
sands to millions of. 
/pro&'et users in the 
maifefcriplace (post-lU 
eenstfe^tudy) 



To.conrinnc to 
monitor safety, 
potential side 
effects, and 
efficacy 



3 to 5 years 



End^aic country 



To co^iriuc to moni- 
tor safety, .side effects 
(iobl&g fox very rare 
ervents) and effectrve- 
nea$$ti a large popula- 
;tiori«f users. 

To measure duration 
of protection over a 
longer term 

To assess public 
acceptance of the 
vaccine 



4 to 6 years 



APPENDIX II 



immune response oysieui n^^rjx 



Made up of two cellular systems 

• humoral or circulating antiBody system - B cells 

• cell mediaTed immunity - T cells 



Humor* tovnunfe 





Lynpftofefries. 



Lysis 



:enum 



Both: worthy identifying antigens (foreign proteink or^lysaccharides) either as part of a virus < 
; or as aj&rtially degraded byproduct 

■ ! Also r&ognizes human antigens riot made by the individual resulting in graft rejection 
Jhe^hiiBioral antiBody system produces secreted antilipidies (proteins) which bind to antigens and identify the 
antigenjjcomplex for destruction. Antibodies act on^tigens in the serum and lymph. B-cell produocd ,; 
antibodies may either be attached to B-cell membran^^or free in the serum and lymph. i 
The 'cell mediaTed system acts on antigens appearing on the surface of individual cells. T-cells produce T-cell 
receptors which recognize specific antigens bound to the antigen presenting structures on the surface of the 
presenting cell. 

Humoral AntiBody System - B lymphocytes 

each B lymphocyte produces a distinct antibody molecule (immunoglobulin or Ig) 
over a million different B lymphocytes are produced in each individual 
thus> each individual can recognize over a million different antigens 
the antibody molecule is composed of 2 copies of 2 different proteins 

• there are two copies of a heavy chain - over 400 amino acids 
long 

• there are two copies of a light chain - over 200 amino acids 
long 

each antibody molecule can bind 2 antigens at one time 
thus, a single antibody molecule can bind to 2 viruses which leads 
to clumping 

when a new antigen comes into the body 

• it binds to the B-cell which is already making an antibody that 
matches the antigen 

• the antigen-antibody complex is engulfed into the B-cell and 
partially digested 

• the antigen is displayed on the cell surface by a special 



ft ■ .ill Hinfi llll.lftt.il 

Antigen tsKong 




Ugjht chain 



Heavy chain 



. . £ T<*\\ i~s acVi^d by the helper~T-cell to divide and produce secreted anybodies wnicn cnctuaia m 

. LeTeSSme memory cells to produce antibody at a low rate for a long time (long term 

immunity) and to respond quickly when the antigen is encountered again 
. the response is regulated by a class of T-cells called suppressor T-cells 

Cell MediaTed System - T lymphocytes 

„. T cell receptor 

T-cells mature in the thymus (thus the name T-cell) tcr 

over a million different kinds of T-cells; each producing a different receptor in the cell ^ v 



membrane .„ V; 



^ chain 

c 



each receptor is composed of 1 molecule each of two different proteins « aam 

each receptor binds a specific antigen but has only one binding site c 
receptors only recognize antigens which are "presented" to it within another membrane protein 
of the MHC type (major histocompatibility complex) 
recognizes antigens presented by B-cells, macrophages, or any other ceU type 
T-cells, B-cells, and macrophages use MHC-II receptors for presentation; all other cells use MCH-1 
(responsible for most of tissue graft rejection) j . - . i * j ^ -«j 

whena T-cell is presented with an antigen, its recpetor binds to the antigen and rt is stimulated to divide and 

produce 

• helper T-cells - activate B-cells with bound antigen 

• suppressor T-cells - regulate the overall response "i 

. cytotoxic "killer" T-cells - kill cells with antigen bound in MHC-I - 



Home General Syllabus Section I Section II Section ■ Slhtes Links Seven UVa 



Maintained by Rob ert 1 Huskev 
last updated December 4, 1998. 



» 



APPENDIX III 



Plasmodium falciparum Liver Stage Antigen-1 Is Well 
Conserved and Contains Potent B and T Cell Determinants 

David A- Fidock/ Helene Gras-Masse,* >ean-Paul lepers,* Karima Brahimf,* 
Lbachir Benmohamed,* Sylvie Mdloulc/ Claudme Guerin-Marchand^* Arluro Londono 3 * 
lucie lUharimalala,* Jacques F- C. M. Meis, s Gordon Langsley, 1 Christian Roussilhon, 
Andr6 Tartar/ and Pierre Druilhe 5 * 

'Bio-Medical Parasitology Laboratory, Pasteur Institute, Paris, France; T Biofnolecu!ar Chemistry Laboratory, URA CNRS 
1309, Pasteur Institute of Lille, France; *Pasteur institute of Madagascar, Antananarivo, Madagascar; 5 Oepaitment of 
Medical Microbiology, University Hospital Nijmegen, Nijmegen, The Netherlands; and 1 Experimental Parasitology Unit, 
Pasteur Institute, Paris, France 

We have previously identified a Plasmodium falciparum- liver sta^e-specific Ag (LSA-1) found fo encode tandem 
17 amino acid repeats harboring 6 cell determinants. Here we extend this study in terms of sequence analysis, protein 
localization, and immunologic properties- Analysis of the N- and Gterm.na! regions of LSA-1 from the T9/96 done 
reveals high sequence conservation with LSA-1 from NF54. This 200-kDa protein is detected throughout liver schizog- 
ony and accumulates iathe parasitophorous vacuole space. In our investigation of T and B cell responses to LSA-1 , we 
have focused on both the area of the C4erminal, nonrepetitive "hinge" region and the conserved repetitive region and 
derived synthetic peptides. These were found to contain major B and T cell tdeterminarrts. High prevalences and 
elevated Ab levels to LSA-1 , directed primarily, although not exclusively; to the repetitive region, were detected in sera 
of individuals from one moderately high and two low transmission malaria-endemie areas (prevalences^ 97%, 75, and 
77%, respectively). In one of these low transmission areas, secretion of the cytokine-iFN^ known to inhibit malaria 
liver stages, and T cell proliferation were detected in PBMC of 22 to 48% and 6 tp 20%, respectively, of individuals in 
response to separate LSA-1 peptides. These results complement the recent findingof conserved CTL epitopes in LSA-1: 
and support the assertion that immune responses to LS Ag ate involved in pnnectk^against malaria pre-erythrocytic 
stages. The journal of Immunology, 1994, 153: 190. 

Investigation of the pr^erythrocy tic stages of the bu- that this protection was dependent on the ability of sporo- 

man malaria parasite Plasmodium falciparum has mites to invade host hepaiocytes and develop bio young 

long been guided by the key studies demonstrating LS 6 forms (reviewed in Ref. 2), as was recently experi- 

ihat full protection against ihese stages could be induced in mentally supported (3). Thus, a number of years ago we 

humans by immunization with radiarion-aaenuated sporo- set oat to explore the antigenic composition of P. fakipa- 

zoites (reviewed in Rcf. 1). Results from these various rum at the LS. This led to the identification of the LS Ag 

studies in humans and animal models led to the hypothesis (LSA-1) (4), which to date is the only Ag described thai Is 

expressed sotely at this stage. The importance of this Ag 

7~~~~ ~ was recently reinforced by the work of Hfll ct ah (5), who 

^iv^p^ion Oecer*»r7, ma^*»****N*7, ^ preseaoe , lf] J^A-l, of CTL epitopes 

The ^^(HiWtou^oJtWs Midt .teftwtdin^nbjrihepayrremor potentially involved in protection against disease. 

page cHaign. Thi* artkic muil therefore ba hereby marked xteftkemeoi in [ n ^ 8 ttldy, we extend OUT characterization of LSA-1 

*co*tan« m us.c. section 1734 solely to mc* ftkfca ^ lento ot sequence analysis, piotcin rtnicture and intra- 

1 Thh vw>rk w supported in pan by [he Science and Technology for Devel- , * „ _ - ■ .„„i A ■„ ^^wt'***, 

op^T^ro^^be CocSn of ( be European Communide and (be hepatic localization as well as its immunologic properties. 
uNDP/WorU BanrVWHO Spedal programme it* ««eafcb and TraWr^ in initially, this Ag had been found to contain a region of 
ImpKrjJ Diseases. 



1 Current adefrew: Unit* d'Allerprfogle, Insihui Pasteur, pans, France, 
5 Current address: OP, Inswut Curie, Paris, France. 



* Abbreviations used in this paper IS, liver tug*; ISA, fiver n^spedfic Ag; 
4 Currenr sddrean tnstifut Pasteur, Dakar, Senegal, sua* specific Ag*l ; 51, Emulation Index; LeuA. teutcaaftrftfnlii; 
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tandem 17 aa repeats rhat encoded strong B cell epitopes. 
Because immunogenic determinants have been frequently 
detected in nonrepetitive regions of Plasmodium Ags, in 
addition to chose contained in the repeat sequences (6-9), 
and in view of the wide range of T and B cell-mediated 
effector mechanism found in experimental models to op- 
erate upon Flasmodium-Mect&\ hepaiocytes (reviewed in 
Reft, 10 and 11), we decided to focus our attention on 
identifying and immunologically analyzing nonrepetitive 
and conserved repetitive regions of this molecule. We 
present data showing that sequence of this Ag is highly 
conserved between the Thai strain T9/96 and the African 
strain NF54 (12) and demonstrate the presence, in both the 
repetitive and nonrepetitive regions, of major T cell and 
B cell epitopes recognized by individuals from diverse 
endemic regions. 

Materials and Methods 

Sequence analysis ofrlSA-1 clones 

" DNA was prepared nun tysues of Agtll tLSA-1 clones (DO307, 
DG29f, and DG536) isolated from a P. falciparum (done T9/96) 
genomic expression library (A\ EcoKl-lxbm&d inserts were than, gel 
purified, subdoned into the veaor M£ rap l& and sequenced. A total of 
330 bp of additional 3' oonrepetitive sequence buending from the knows 
V serpence In DG536 was (ben generated to the following way: 2 X 10* 
phage from the T9/96 h*brary were, subjected, standard PCR, using (at 
I jjM Anal concemnttooa) LSA-1 -specific' prirrjers (3' I Mid, sobae» 

. <ro«ir!y, 3*2) and a Aglll printer minting tUer-£!cbRl dosing site High 
m.v. fragments were gel purified and sobdpned iabo a pUC or pOR 
(Inviuogen, San Diego, CM) vector* LSA-l^oroovc. clones were identi- 
fied by hybridization with an internal oligomer aid w^ucnasd. Newly 
cvaQafcte sequence from the NF54 strain (12>wwTtbcn used Do complete 
toe 3' end of the gene (amplified asing oligc*ncrB-3'3 and 3 '4) and to 
obtain the sequence of the 5' nouepetitro region (vitas primers 5'1 aad 
5'2)- The PCR primers used are aa follows (£ : and— designates coding 
and nonooding strand, respectively; nucleotide 'positions are as indicated 
in Fig. \Ay 5'1 (+» 47-70); S'2 (-, SOS-528); 3* J (4% 5243-5266); 3'2 
(+, 5410-5434); 3'3 (+, 5SS3-S575); and 3'4 (- 5799^5822). By 
DNA hybridization, two LSA-1 clones (DG750 and DG443) were sub- 
sequently fbuid to concdn the majority of the 5' nonitpcdrivo region as 
well as a long stretch of repeat units and were sequenced. The final 
sequence was determined from both strands using the dicWrynudeorfdc 
ctom-Jeniuratioo method and in the case of doned PCR fragments was 
always determined from multiple dooca. 

Hybridization analysis 

Oenomlc P. falciparum DNA (S /xg) was digested with Mung bean nu- 
clease, naing die conditions outlined in (13) and size fractionated on a 
0J% agarose geL Southern bybddizatjoii was performed nsmg standard 
techniques (14). 

Synthetic peptides 

LSA-1 peptides were syntheat2od by the stepwise solid phase technique 
(15) in an automated peptide Synthesizer (Applied Biosyatrms. Foster 
City, CA, model 43QA) using a standard butjianycarbonyl (BOCyvi* 
ftuoroacetic acid method on a benzbydrybmlae resin (Applied Biasys- 
tcms). After synthesis, d» N-tcnnmal rwrytoiycaitmyl -protecting group 
w*a removed and the peptide acetylatcd using acetic anhydride. Final 
deprotectioa and cleavage of the pepddyl resins was performed by the 
"high" hydrogen fluoride procedure, for 1 h at 4"C The cleaved depro- 
teoted peptides were precipitated with cold diethylclher and then die- 
solved in 5% acetic acid and lyophlUzed. Crude peptides were purified by 
reverse phase HPLC on a 5-is, 300 A Nttdeosfl CI 8 (Macherey Nagel. 
Rochester, N.Y.) column (1 cm X OS cm), using an accumitritc/waicxy 
0.5% orifluotoaceuc add soWent system. Peptides were checked for no- 



Table I. Antigenicity of LSA-1 repeats depends on a-heticity 



UArl NBPCui rQKWQ >A*(Vv '*-^> 


CO* Afi h 




a + 


(^Sl^EGfc^AKfcKLQEQQ^ 


a -r 


BQQSDLBOSBIAESKtQ 


tz + 




a + 


LEQERXAKBtOO 


*c - 


RLAXBfOQ 


rc - 




rc - 


SQQ3DIAQ 


rc - 




rc - 



' CD measuretnens of peptide conformadon adopted in aqueous solution. 
tL alpha heflx. rc random coil (absence of Mica! organization!. 
* Antigenicity of peptides in (LISA aswp. 
c l_SA-Rep pcpiidn tftqtiencei. 
6 LSA 1 3-29 peptide sequences. 



mogeneity by analytic reverse phasc-HPLC aad foi identity by aa anal- 
ysis, and their molecular mas was verified on a Bio Ion 20 plasma 
desomtiQn mass spectrometer (Bio Ion AB, Uppsala, Sweden). Qicuhur 
dlchroism (Ct>) messurtrnents were ased to assess the cr-beGcity of pep- 
tides dissoived in 0.1 M Nad or 90% oifhxraediaDol, as described (1<S). 
CD reanha were reported in terras of mean residoe enintfdry, rxpresaed 
In degree dccunol -1 cm 1 . Peptide sequences are shown m Figure 1A for 
the peptides LSAJ, LSA-NRiand LSA-Ter audio Table I for thepepti de 
LSA-Rep (prcviousry icfencdtt as LSA41) (16> Note that The L5A-Rcp 
j eoj uenc e is present three times in the NF54 strain and at least once in the 
T9/96 araftu Hie P. falciparum CS peptide Th2R (PSDKHIEOYLK- 
KIKNSTS; aa 326-343 ot thc ^08 *nin)#9fr a kind gift of Mitch Gross, 
(SnuthKline Beediam r Ptriladctphu, PA). The LSA-1 repeat peptide 
LSA-Rep was rTTCWabcled using rTTC. (l ou^hig of peptide), in a wa* 
ua/pyTkfine(3D0 vV400~n\) sotvctit mixture for 7A K After dilutkMi with 
water, excess reagent vas removed by ciotnctipq with ethyl acerato. Toe 
aaneotB layer, containing the. labeled p^pilde^was then ryopbiuzEd 

Abs ■ v,/^.^ r ., 

Shr-week-old female BALfi/c mieb wetVimtnunized sjc with 15 of 
parified r0-gfll+ DG307 emulsWed in CPA. antf boosted at 4 and 6 wfc 
with the same nraterial in (FA, Rabbits alid cm*mpAn2£cs were similarly 
imnrainzed with r^gBl+I>G307 (50 n&ftos*)'* r/3-gnl+DG53o (200 
fig/dose), respectively. In a sintrmr jnanner, *BALB/c mice were also 
uitmrmized vith the synthetic peptides LSA-Rep or L&A-J (50 MS/dose). 
Homan Abs from pooled tinman izamuhe sera were »tHnily purified from 
the synthetic peptide LSA-Rep^ as described by BmrUrnl et al (17) or 
from reoombrnant or wild-type Agtll clones, according to Reference 18. 

Cultvnng and immunobhtting of fiver stage parasites 

The culture of P. falciparum LS was performed as previously described 
(19). Briefly, human bepatocytes were isolated from biopsies by eollag- 
enase perfbrion and seeded in monoculture at 5 X 10* bepatocytes/ 
35-mm petrl dish. From 24 to 48 h Utei p 3 to 10 asepticnlly dissected 
pairs of P. falciparum (NF54) spormUc-fr^ectod salivary glands were 
Introduced into habr of tSe cultures, the other half serving 85 a nonin- 
Ceciel controL Cultures were maintained 6 days with daily medium re- 
placement before harvesting cells. To perform a single rxnmu nu b lu t ii ig 
experiment, cells had to be pooled from over 40 dishes prepared in five 
separate experiments in which late stage LS forms were successfully 
obtained. A number of other culture experiments had k> be aborted be- 
cause of lack of parasite fitfturaiion. Standard rmmunoblotting was per- 
Garmed and the bound IgG detected using '^-labeled ppat anti-human 
IgG (Bioays, Compiegnc, France). 

tmmunofluorescent and immuno-efectron microscopy 
of in vivo derived LS material 

After tv. sporozoite inoculation, liver biopsies containing young, imma- 
ture; or fully mature P. falciparum liver schlzonts were obtained, respec- 
tively, from a squirrel monkey (Saimbi zcixreus) at day 3» a Cebtdae 
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monkey (Cebos apeila) at day 5 (20), and a cfaknpanree {Pan tro$to* 
dfta)si fay 6 (2iy lmrjruDctfuoreaceiil Ab less (0FAT) were performed 
«i C8fiwy-ft«d material (20). Posh** IFAT reactions on aepatkschj- 
EDfitS woe verified by phase-contrast microscopy and subsequent Giemsa 
staining of the whir**"* For fanmnno^lecttoa mi cro sc op y , day 6 chim- 
panzee liver biopsies were immersion-fixed with 0J% gJulartlcV 
hyden% paraformaldehyde, dehydrated in ctbanei, and embedded in LR 
While resin (Potysdences Cambridge, UK). Ullrathro sections were 
Uoctedwkhl%BSAmid 1% odd fish gelatin in 0,1 M phosphate boffier 
(pH 7.4) for 30 min. Grids were incabated overnight at 4*C with ami- 
LSA-1 Abs and, after thorough washings,, incubated with protein A gold 
(10 mti) for 1 b. After tnial wishing rhey were dried. followed by con- 
trailing with 2% uranyl i 



Study areas anc/ donors 

Ttae* areas of contrasting epidemiologic starts were investigated. I) 
Dome; Burkina Faso (West Africa): drift rural village oF 500 inhabitant 
is situated in a savannah area of Upper Votta, 50-km north of the capitaL 
Malaria is seasonal with high parasite transmission rates (22). 2) Podor, 
Donhcfn Senegal: sera were collected from two neighboring rural villages 

: (whose population totaled 3000) in tttt vicinity of Potior, 1 0-km south of; 

' ibe Senegal river. This is a very dry Sahel area with h brief iraosmlsaiou 
season characterized by relatively low transmission note (by African - 
standards) (23). 3) Ankazobe, Madagascar. truVsmafl (own of 5000 h> 
habitant* Is 'striated on the outlying regions of the Highlands plateau. 
Malaria aas v always persisted at low level* In tha town, in c ontrafl lo 
other settings ^i the Central Highlands plateau (for example ManWtrrtsca) 
where malaria had been eradicated for many yean. In the agricultural 
areas ofDons6and Podor, living condltOTS are essentially homostneous 
with all houses consisting of mud wills, open windows* and ihatobed 
roots. In contrast, to AnkazoW the greater sodo-ecMioinic disparttyk 
reflected in the variety of housing cororruction,' rariging fjom raudw^ll 
houses similar to those fboftd m Dons* and Fodor" to booses with brick 
sod piaster walls, glass windows and riled roofs.' The respective malaria 
rnnsraission rates are approximately 100 Infecdooi hites/mdlVainVyear 
for Dons* and t ro 5 tor Podor and Anlauobe- Individual docors ranged 
in age from 1 to 75 and were chosen so as to have an even distribution 
over the drffweni age groups, except in the case of Anlcazobe^ where a 
moderately greater proportion of adults were chosen for T cell studies. 

. After informed consent, venous brood wos coUecled Into bepariruzed 
vaanamenx Plasma was harvested after ceafrifugsrion; alitpijotedv-and 
stored st -80*C until use. Fof the Anfcaiobc* popularioD, sample* no do- . 
dots were adjudged to be suffering droical malaria « ihe 'rinw of 
sampling. Samples were collected over the period of February to October 
1991. PBMC were separated on Ficoll gradients wirJiin 4" lb 6 h of 
samplmg. 

Lymphocyte assays 

These were performed essentially as previously described (24), using 
rovnd honom, 9rVweII plates in which PBMC were seeded al 2 X 10* 
cells (is 200 itiywell. Preliminary ejopexnnents had determined that 10 
ugfal was the mow appropriate coocentmion for all the test peptides 
concerned (LSA-Rcp, LSA-J, LSA-NR, LSA-Tet, and ThlR). Leukoag- 
gltAuiin (LeuA) and Mycobacterium tuberculosis purified protein deriv- 
ative (PPD) were used as positive controls. Sixteen hoars before harvest- 
ing ceils onto glass fiber Alters, 100 j*l of critftec supernatant were 
removed from each well, saved for estimation of IFW-7 eowOTnarion, 
and replaced with 100 oJ of complete cottar* medium containing 1 ft£S 
of ^HJWR. DNA tncorpor»rion was determined by liquid semtiUarJon 



aptnrometry. The srirootstion inccx (SI) was calculated as rbe mean cpm 
of tripKea* test coJrnies/mean cpm of fripticale control (wwlinrolated) 
cultures. A positive lyomrtOfmlficnUve response was assigned to sam- 
plea for which rt» SI was >2 and the difference in cpm between test and 
control samples was >1QD0 (24). Control PBMC ftom uxdividwahi whh 
■o history of exposure to malaria were icchded to each set of expert* 
meats. Identical plates from each individual were also ran in whfch mi- 
manrJL^2 (Cenzymev CaflAridge, MA) was added at a crocerdiatjon of 
25 U/ml ai day d of cufture. The IFN-y concemration was ineasured in 
pooled supernatarus rrom wells in which rJL-2 had no* been added and 
was assessed by a two-site Capture EUSA tea previously described (24). 
Briefly, 1FN-7 content wis calculated from siandard curves obtained us- 
ing known amounts of TFN-7 diluted in culture medium on the same 
plate. Readmgs were compered with the international btanan Notional 
lrthotes of Hearth standard OgW01-53a The detection linril of 
this test was 0O5 lU/rnl. Peptide-stiffltriaRid snpematants oantadolng >2 
turn of IFK-y were conndered positive, m the rare cases in which 
D7N-7 production wss dctocXBd in control, urtHlDUltetcd PBMC; samples 
were excluded bum analysis. 

BJSA assays 

nUSA^phles (Nunolmmuno Plate 11, Nunc, Roa*ii<fc, Dtutmark) were 
coated ojiaraight at 4*C with 10D fd of r^eph^ solotioii: LSA-Rep, LSA- 
Ter, or;iU2let32 at 10 fxgM in PBS (pR*L0);'LSA-J al 10 stg/ml in 
TrisWeVed saline (pff 7.4); 01 LSA-NR at I jig/ml in ^ls-bnffiered 
sahneL The purified reoombmrmt protein rtocet32 05). ccrtslnillg the 
CS repels NANP and NVDP, was^irsed as acoatpararJvc cornnd. Human 
sera were tested in duplicate al a dftulloo of 1/100 and bbnod IgC was 
detected using pci*xidw<W0Mg*ted goat mti-hMma» IgC. (Biosya) as 
described m Reference 17. Initially, each peptide was cestefj sefiraiely o« 
a control group of 40 seram sarryks frorn heahhy Freoch:blood donors 
whh no history of exposure 10 malaria: Si JT serum sainplcayrqmMucing 
the mcsn and Sf> ctf tht amtioi gwnip wets : s> each 
plate. IgO Ab levels were defined in arbitrary units (AW» ^fll^ *e 
nunber-of AU was calculated by dividing nVi'rncan OD^vnitfo of the 
test seritjo by the mean +3 SD of the six control serum ^pJcs how 
the ffl*mft plare. AU values were considered as indicativ^rf^^fic 
IgG Ab r^pome. Considering the large number of jfidrvmtals rested; this 
manner of jgrjimrting Ab levels was considered rjre*cTaM $ lb gri lling 
every sera on the various peptides. Sera tested from A^azoW were 
obtained the' day of PBMC reparation. For cornjeritive , xAhiKr&ra as- 
says, hyperimmune sera, dinted 1/100, wwe incubated ovttnigR at 4JX 
with test inhibitory peptides at concentrations ranging Grom 10 ^ to lv 
ngVml. These samples were then processed as standard EUSA'Wsays, 
using LSA4Up- or LSA4-coated plates. Results tot ea<±Tpeptide tested 
at different cc^centrasons were expjffvd as percentage of mhibttion, 
calcolatcd as follows: % mhiWiion - (OD^ (manvno serioo iwaiboted 
with lest peptide at test conctntration) - OD w (badigroond, serum 
dilution bufTerMOD 493 (immune serum incubarcd in the absence of pep- 
tide) - QDm (baca^romid. scmni dilution butter)) X 100. 

Statistical methods 

All natisticsl tests were performed on lo^-iransfonrjed daia. accordmg 
to accepted cmrventtm (26> The Pearson test was used to eXBimnc the 
correlaUofl between 1) Ab or lymphoprcJifeiaiivq leapoDses and age and 
2) quaniiuiive resrxin&cs to pairs of peptides. The anarjrsfc of variance 
(ANOVA) f -test was used n> compare mean Ab rcsporrtcs between ag« 
groups. The McNemar X 2 test of symmetry was used to examine the 



FIGURE 1 . A, partial nucleotide and deduced amino acid sequence of the LSA-1 gene, clone Nudeouds sequence 

data reported In this paper have been submitted to ihe EMBL data base with the accession numbers 230319 an "? 0 ^ 0 
and 3' extremities, respectively). Nucleotide positions whose sequence varies between T9/96 and NFS4 are underlined and 
NFS4 aa variants are indicated above the T9/S6 aa sequence. The numbering used conforms with that used for the NF54 strain 
(121, The sequence of the three peptides LSA*J (aa 1613-1636), LSA-NR (aa 1633-1659), and ISA-Ter (aa 1686-1719) » 
underlined. LSA-Rep, derived from the DG307 clone, maps to the inner segment of the repeat region (between aa 319 and 
1417). Asterisks delineate the central repetitive region (aa 154-1629). Clones DC7S0, DG443, and DGS36 sf^n nucleotides 
159-993, 159-1034, and 4327-5289, respectively. B, abridged aa structure showing the relative placement of the above 
mentioned peptide sequences. 
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^ OEQQ SD1.KQERPIAKE K :itf ! oi/S Q Q8DL E&ER k *J^ ^ JUL. 
; jfig . • CA*GAO»flC^^ 

0 EQQSDLfiQ£RLAKE : K L< q'Ue O O S D L 6 Q E.R R ft K B K _L_ 
•^2. '■; iAAGAAC^ 

Q E QOSDLBOBRHAKC K ^ E ftCaDLEGSR *A K B X L, 
483|7.. CMGAACAACAftAC^ 

oEACrRDLEQ ft K A D T K K. »' L-' !, E R K K E H GDI I A E D L Y G 

R L fi 1 P A I ELPCENERCYIy'i PHftSSLPODHRG fl g ft 

V>41 CCrrT^flCAAAfScCAGCTATftGAACTTX^^ 

1689 ft gftKT & t I rKTH RES I TTHVECHRDIHJL G — X — L E E K 

«, 143 GATTraSiAAKTATCTATAATWSAAWU^ 

1733 X D G £ I KPEQKBOKQAOIQHHTLETVM 1 S D V M D P Q 

S245 /AftGATGCTTCAATAAAAOTVGAACAAAAAGAAGkTAAATC^^ 

17«? iSKYEpEISAEYDDSLIDEEKDDEDLDErKF I V Q 

5347 ATAAGTAJttTIATGAGtjATCAAATAAGTG^ 

1791 YDNPQDEENtG[YKBLEDLlEKHENLPt>LDEGlE 

S449 TATOACMTTTCXWWAlta^AGA^ 

1625 KSSBELSEEKIKKGKKYEKTKONtfFltPNOK S L Y D 

5S5i AAATCATCAGAAGAATTATCn»ACAAAA^ 

18S9 EHIKKYKMPKQVNKEKBKP1KSUPHIFDGDNE1L 

5653 aKXATATTAAAAAAtATAAAAJ^ 

1893 QIVDELSEDITKYFMKL- 

5755 a^TTOTOGfcTOUWTOTCTGAAGAW 

LSA-NR 
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relationship between presence or absence of posiriv* iespaist to pwre of 
peptides. 

Results 

Isolation and sequence characteristics of tte 2 and 
5' regions of the LSA-l gene (strain T9/96) 
Screening of a genomic P* falciparum expression library 
with stage-iestricted human sera previously led us to iden- 
tify 120 doned fragments, whose corresponding Ags 
would seem to be expressed in prc-erythrocytic stages 
(27). DNA hybridization and serologic analysis were used 
to classify these clones into families, of which the largest, 
comprising 26 clones, corresponds to cloned regions of the 
LSA-l gene. All 26 clones were found to contain repeti- 
tive sequence encoding tandem highly conserved 17-aa 
repeals, a major B cell ddcrminam well recognized by 
malaria-endemic populations (4, 27). We subsequently fo- 
cused bar attention on identifying the sequence of the non- 
repetitive regions. Starting from the hypothesis that these 
regions may also contain minor U cell epitopes which 
could serve as a means of selection, we screened large 
numbers of African sera collected in high-transmission ar- 
eas. This Jed to the identification of seven sera nonreactrvc 
with LSA-l repeat peptides though having high IFAT ti- 
ters to LS. These; sera recognized 12 of the 26 LSA-l 
clones, notably D0536, All 12 clones were found to con- 
tain sequence mapping to within the first 330 bp of the 3' 
nomepetirive region : jtt addition to a variable number of 
repeats. The remaining sequence of the 3' and 5' nonre- 
petrovc regions was subsequently determined using PCR- 
based approaches: v . 

Figure 1A shows our 5' and 3' sequence data for the 
LSA-l gene in the T9/96 done and comparison with the 
NF54 sequence (12)* The nomepetinve regions are re- 
markably well conserved between the two strains, wiih 
only one nucleotide SAJbstimtion in each of the 5' and 3' 
nonrepetitive regions (which in total consist of 130 kb)- 
Both substitutioDS arc nonsynonymous. The repetitive re- 
gion shows greater sequence divergence, with 40 nucle- 
otide substitutions (out of 1.14 kb), of which 21 are non- 
synonymous. These substitutions are, however, not 
randomly distributed along the repeat unit Interestingly, 
this nonrandom distribution was virtually identical in both 
T9/96 and NF54. At the aa level, no variants were found 
in either strain for over half of the residues forming this 
unit (BjQQSDLEQERKAKEKLQ; the invariant residues 
are italicized). Variant residues almost always involved 
the same aa substitution (position l fc :E->G;4*: S-*R; 
6: L->S; 9*: E->D; 11'-' *->L; 13: K->N; 15: 
K->TorK-^R;inthis case the most frequently variant 
residues are indicated with an asterisk). Notably, for 
codons 4, 9, and 11. over 80% of the nucleotide substitu- 
tions were nonsynonymous. These LSA-l repeats contain 
a highly conserved motif, KEK. This motif, also present in 
a number of blood-stage proteins, has been implicated in 



merozoite binding to erythrocytes before invasion (28). 
However, after incubation of nomnfecred erythrocytes 
with an RTC-labeled LSA-l repeat peptide, LSA-Rep, we 
could not detect any specific fluorescence associated with 
the erythrocyte surface. 

To estimate the size of the LSA-l gene in ihePfalci- 
parum 19/96, a Southern blot was made of 19/96 genomic 
DNA digested by Mung bean nuclease which, undeT ap- 
propriate formamide coricenrratkjns, liberates gene-sized 
fragments (13). Hybridization with a LSA-l probe de- 
tected a large fragment of approximately S3 and 52 kb 
under corolitions of digestion in 40% and 45% formamide, 
respectively (Fig. 2A). As this is smaller than the known 
NF54 gene size (5.7 kb), this would suggest that the two 
strains differ in the total number of repeats, as has been 
reported for many other repetitive P. falciparum Ags (29). 

Molecular features of the ISAjl gene product 

In general, access to the LS is extremely limited, particu- 
larly so for P. falciparum in which major logistical prob- 
lems are conipounded by the very low output of in vitro 
and in vivo models. However, by pooling P falciparum 
spOTcwit^infected bepatocyte cultures from five separate 
cxperirnents h* which late stage liver schizonts were suc- 
cessfully obtained in vitro, enough material was obtained 
for three welk drt a SDS-polyacrylaniide gel. Imrmmo- 
blotting, tisin£ Ab* directed to LSA-l repeats, identified 
the molecular inas^-of LSA-l as being 200 kDa (Fig. 25). 

ffATnisinga series of anii-LSA-1 Abs on LS forms of 
different niatiirity ieveal that this protein can be detected 
even from tha;early stages of liver schizogony, which for 
falciparum }*^- 6 7 days. Initially, in day 3 (i.e., 
four- to eight-nuclei stage) and small day 5 farms (Fig. 3, 
a and Mcspe^vefrX the LSA-l protein is located in the 
parasitophorons vacuole (PV) space, which is delineated 
by the inner plasmalemma and the outer PV membrane 
(PVM) and which forms a distinct ring separating the par- 
asite cytoplasm from the host bepatocyte. At a later stage, 
the Ag appears also to infiltrate the spaces between the 
pseudocytomeres of the developing schizonts, as the plas- 
malemma forms deep invaginations into the parasite cy- 
toplasm (Fig, 3c), and is subsequently seen localized 
around the cytomeres, just before the indrvldualization of 
merozoites (Kg. 3d). The ultrastructural localization of 
LSA-l was revealed by immunogold labeling of fully ma- 
ture forms, which showed this protein to be associated 
with the fluffy or flocculent material present in the PV that 
surrounds the emerging exo-erythrocytic merozoites (Fig. 
3e\ Notably, labeling of LSA-l was always seen within 
the boundaries of the PVM and never in the hepatocyte 
cytoplasm or on the hepatocyte surface. However, the anti- 
LSA-1 repeat Abs used were dependent on ihe repeats 
adopting their natural a-hehcal structure (see below) and 
thus we cannot rale out the possibility that some LSA-l 
material ends up as linearized, thus undetectable, peptide 
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A. LSA-1: 
N-tenninaJ 
region 



B. LSA-1: 
C -terminal 
region 





. C M5 protein: 
N-terraioal 
region 



FIGURE 4. Hydrophobic cluster analysis plot of N-terminal (A) and C-terrnmal (« segments of th* P f .Mop3rwn LSA-1 
protein (strain NF54) and of the N-terrnlnal, region (C) of ihe Streptococcus pyogenes MB proton (Manfrecto swam) 
Hydrophobic residues are contoured. Some residues are represented by symbols: P <*V-* known helix-brea^G <♦>, jTT • 
and SOW). The amino acid sequence h wrfcfen pW**l»y toffl*k to right such that there are seven residues pgrlint and m? 
last three or four residue* arc aheAaHvely atipbfcd on the feUovrfng line. Because a classical a-hetfx con^insi 3. 6 residues/ 
turn ahd is typified by the regular spacing of hyd^phobic residues,*!* sequence representation enables e«ic.e^y,suaJiza«on 
of an unfolded a-helical sequence (31): the!7 amino add repeat 1 units of LSA-1 commence at residue 154 c^tr^ N-terroinaK 
segment (AKETL. , In A) and continue through *ihtll residue ! 629 of the Oterminal segment (, . . DLEQ, in ft: C thjs region 
of the M5 protein includes the signal peptide (residues 1-42) and pan of the extracellular domain Xre^e?ji43-200). The 
a-helical region begins with the hepiapeptide repeats spanning residues 66 and 100. . • j r 



using a series of synthetic peptides from,; the; repeat re- 
gion. Figure 5 shows the CD spectra for the repeat 
peptide LSA-Rep, dissolved in either aqueous or triflu- 
oToethanol medium. Both spectra were characteristic of 
a significant helical organization, with minima at 206 to 
208 and 222 to 223 nm and a positive value at 198 to 
200 nm. This peptide showed a helical content of 25% 
and 74% in aqueous or trifluoroethanol medium, respec- 
tively, CD results for the set of tested LSA-1 repeat 
peptides are summarized in Table I, This show* that 
significant a-helical organization could be adopted in 
aqueous solution by as little as a singje repeat unit, 
however, this was lost wben the single unit (in the frame 
EQQSDLEQERLXKEKLQ) was displaced. Further- 
more, antigenicity studies revealed that only those pep- 
tides capable of assuming an a-helical organization 
were recognized by human hyperimmune anrisera 
(Table I). Additional evidence in support of the confor- 
mational dependence of LSA-1 repeat B eel) epitopes 
has been recently obtained by studies in which the ad- 
dition of the helix-promoting residue a-aminoisobutyric 



acid to the extremmes of a nonorganized displaced repeal 
peptide (known as LSA13-29; see Tabte I) restored both 
a-helical conformation and antigenicity (H. Gras, L BenMo- 
hamorf M. Bossus, A. Londono, B. Barbier, P. Dnrilhe, ami 
A. Tartar, manuscript in preparation). 

In ©or search for T cell epitopes, we focused our at- 
tention on the hinge region of LSA-1, located just 
downstream of the repetitive region, for the following 
reasons: 1) such regions are physicocbemically more 
accessible than constrained, organized structures (e,g-, 
o-helices) are to proteolysis, an event thai precedes T 
cell epitope presentation in association with MHC mol- 
ecules (reviewed in Ref. 35), This increased accessibil- 
ity has been shown, for example, in classical experi- 
ments demonstrating enzyrnic digestion of the hinge 
regions of myosin (36) and Ig 07); 2) B and T cell 
epitopes have frequently been observed to cluster 
within a limited region in Ags from a wide range of 
organisms (38-41). According to our hypothesis, 
strong T cell epitopes were likely to be found in the 
immediate vicinities of this hinge, neighboring the 
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; rtCUWE 5. CO spectra of the ISA-l pepride L LSA-Rep. This 
ihows the molar elliptidty of this peptide dissolved in aqiie- 
: ous (H) or trifluoroethanol (D) solution. A molar elliptfc- 
of -35.7 degree dedmol" 3 cm* at 222 nm was taken 'as < 
/ ^presenting 100% hellcity (16). ; 



ft^eat fragment that is known ro contain strong B cell 
epitopes. Three peptides were thus chosen from this 
area (LSA-J, LSA-NR, and LSA-Ter; see Fig. 1, A and 
B). LSA-J represents the junction of the last repeat unit 
lad "the next seven residue* in the C-terminal nonrepcti- 
five region. Notably, this last repeat unit contains the 
previously mentioned aa variant at position 4 F S R. 
LSA-NR represents part of the hinge region and LSA- 
Ter is from the putative <r-amphipathic region down- 
stream. These three peptides were deliberately long 
(24-34 aa) because T cell determinants corresponding 
to separate MHC-restriction elements have been fre- 
quently found to overlap (11, 42). In parallel, we stud- 
ied the repeat peptide LSA-Rep (Table 1% chosen as a 
representative of the repeat region. 

T and B celt responses to LSA- 1 in naturally-exposed 
individuals 

Preliminary studies on the four LSA-l peptides showed 
tbat they did not induce any positive lymphoprolifierauve 
response (when cells were incubated either in the presence 
or absence of rIL-2) or IFN-y secretion when incubated 
with PBMC from 16 French donors never exposed ro ma- 
laria (data not shown). Subsequently, these peptides were 



tested in lympboproliferation assays of PBMC from in- 
habitants of the low transmission region of Ankaxobi. As 
a control, PBMC were simultaneously tested for their lym- 
phoprolifcrative response to the mitogen LeuA and the Ag 
PPD. Positive responses were assessed by comparison with 
control wells without Afr Results were retained for analysis 
only for those 87 individuals whose PBMC produced a pos- 
itive proliferative response to LeuA and/or PPD. 
* Specific lymphoprolifcrative responses were observed 
for every LSA-l peptide, indicating that each of the four 
chosen sequences contained T cell determinants (Fig. 6). 
For each of the peptides LSA-Rep, LSA-NR and LSA-Ter, 
positive lymphoproliferative responses were detected in 
15-20% of individuals. LSA-J-specific proliferative re- 
sponses were detected in 6% of individuals. In compari- 
son, 14% of individuals showed positive lymphoprolifera- 
( rive responses to a Th2R peptide (strain 7G8) representing 
ail immunodominant T cell antigenic region of the CS pro- 
tein (43). The addition of rIL-2 to Ag-stimulated PBMC 
cultures, which has been previously shown to partially re- 
verse T ceil proliferative unresponsiveness to malaria Ags 
in arnii-iironiine individuals (44), did mdeed reveal that 
PBMC from a markedly higher proportion of the popula- 
tion could respond at significant levels 10 the LSA-l pep- 
tides. Under these conditions, the prevalence of responders 
was in the order of 36 to 39% for each df ISA : Re$LSA- 
NR, or LSA-Tcr This, in spite of the sidble ^uweise ih 
background 1 cpm> which in some cases m?y have masked 
a positive proliferaiive response (such cases were>nonie~. 
theless retained for analysis). Note that the majority of u$ 
responders in the standard proliferation assay were also, 
positive in the rIL-2 assay. ( •';> ': 

Because IFN-y secretion is a marker of T cell activation 
frequently dissociated from proliferative response (45) and 
in view of the known susceptibility of /* folciponmLS to 
4FN-y(46), the ability of Tcells to secrete this cytokine in 
response to stimulation with LSA-l peptides was tested, 
using a capture EUSA. Responses were considered posi- 
tive when >2 1 U/ml of IFN-7 were secreted into Ag-stim- 
ulated PBMC supernatants from standard lympboprolif- 
eration assays. Overall, positive responses were detected 
in a large proportion of individuals, ranging from 22% for 
LSA-J to A%% tor LSA-Ter. 

In all. 32% of the population sample from this low 
transmission region showed a positive proliferative re- 
sponse to at least one of the LSA-l peptides in the stan- 
dard assay (no rIL-2). This proportion increased to 73% 
when proliferative responses in the presence or absence of 
rIL-2 were considered A total of 73% of the population 
sample was similarly found able to secrete IFN-y in re- 
sponse to one or more LSA-l peptides. Statistically, no 
significant associations were observed for any of the test 
peptides between either I) IFN-y secretion and T cell pro- 
liferation: 2) age and either of these two modes of T cell 
response; or 3) presence or absence of detectable F, faU 
ciparum blood stage parasites at the time of sampling and 
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RGUKE 6. Individual responses to LSA-1 
and CS peptides in Ankazob6, Madagascar. 
lt-2: SI calculated for sample wellsto which 
ejiogenous' rlL-2 was added. Proliferative re- 
sponses were considered positive if the SI 
was &2 and the'ficpm exceeded 1000. 
negative response; positive response 
with 2 £ $V< positive response with 
St ^5. rV^VN^y, O; negative response; 
^ : positive ,' response (supernatant quan- 
tity fc2 I|L^I) ; fW4C from native Malaga* 
mdlyiduak with; no known history of ma- 
laiia:and^with rt<? detectable Abs to malaria 
Ags were tested in parallel, with and wldv- 
out rlL-2, a&d Were consistently negative in 
terms-of efther*T cell proliferation or IFN-7 
secretion in response to the LSA-1 peptides. 
Background C(tm were: 1) in standard as* 
says wrthotit flli^: geometric mean = 877; 
range = 157-4,147; 2) in riL-2 assays: geo- 
metric mean = 2,236; range = 238 to 
12,740). 
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Dons6 Podor Ankazobe 

FIGURE 7- IgC Ab prevalence data for^SA-l and CS Ags. 
Sample size* Were 73 from Donse, 10$ from Podooj and 98 
from AnkaioGe- Individual IgC levels were calculated in AU 
(a* defined In. Maters and Method^ where AU values^ 
were considered as indicative of a specific Ab response. The 
overall frequency of AJ? carriers equals the wn of the fre- 
quency of; Ab carriers Whose IgC levels fdl into one of the 
four strata Indicated, v 



T cell proliferadvc^'respbibse profiles^., background 
counts, responses to pejptides, or control stimuli). 

Sera from a total of 280 individuals living in the high 
transmission region of Dons* (Burkina Faso) or me low 
transniission regions of Podor (Senegal) or Ankazobe 
(Madagascar) went studied by EUSA. Ab responses were 
detected for all four LSA^l peptides, indicating thai they 
all contained B cell epitopes- As shown in Figure 7» the Ab 
prevalence was consistently the highest for the 2 .5- repeat 
peptide LSA-Rep, reaching 97% in Dons* (the two non- 
responders boft being young chttdrcn), 77% in Podor, and 
75% in Ankazobe. Elevated prevalence rates were also 
observed with R32tet32, containing the CS repeats and 
with LSAJ, containing the C-terrninal variant repeal. In- 
dividual Ab levels were classified into four strata 
>2.5. s5, or >10, where >1 signifies a positive response; 
corresponding to low, medium, high, or very high Ab lev- 
els) as a means to compare relative amounts of Ab to each 
peptide. In all three population sample*, markedly higher 
levels of Abs wore found against LSA-Rep than against all 
other LSA-1 peptides or against R32ter3Z Considering the 
low transmission rates prevailing in Podor and Ankazobe, 
it was notable that very high Ab levels were found against 
LSA-Rep. The nonrepeat peptides, LSA-NR, and to a 
lesser extern, LSA-Ter, contained B cell epitopes that are 
relatively minor as compared with those present in the 
repeat regions, LSA-NR nevertheless was recognized by 
74% of individuals from Donse, although only a few in- 
dividuals had medium to high Ab levels. 
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Comparison of mean lgG Ab levels to the separate pen- 
tides in the three population samples showed that these 
were consistently higher in the high u^ssion area of 
Donse (Table II). Furthermore, tor each of the three en- 
demic areas, the highest Ab levels were recorded for LSA- 
Rep. Statistical comparison of the mean Ab levels to each 
peptide in the separate age groups (divided into: * 5, 6 to 
iTll to 20, 21 to 40, and > 40 years ol : age) was then 
performed, using the analysis of variance (ANOVA) test. 
Tfc is revealed that Ab levels to each peptide increased sig- 
nificantly with ago in both the Donse and Podor population 
samples, although no such significant age-relahri urease 
was recorded in the Ankazobe sample (Table II). Tins is 
illustrated for the repealed Ag* LSA-Rep and 
R32tet32 in Figure 8. In Done*, the mean Ab level io 
LSA-Rep was already higfi in children under the age of 
five and climbed rapidly: later in life, with no signs of 
reaching a plateau. In Podor, Ab levels to LSA-Rep and 
R32tet32 were generally low in children, rising at a sig- 
nificantly fester rate for LSA-Rep than for R323tet32 in 
later /ears, ttc lack of a signiflcant^c^ m Ab levels 
to LSA-Rq> or R3^tet32 was clearly evident in Ankazobe. 
This is r>esumam> related to the large socioeconomic 
heterogenedry arjd t? diveisitv in the housing construction 
found: m Anlrazob^ (as opposed to the essentially homo- 
geneous situation In Bouse and Podor). leading to some 
Ankazobe individuals being only relatively rarely exposed 
to Anopheles bitesj as^idenced by the high proportion of 
Ab nonresponders ^n-adults (S:21 years) (for LSA-Rep: 
24% nomesporKfers ro Ankazobe vs 0% and 2% in Donse: 
and Podor, respective^; for R32tet32: 24% vs 0% and 
14%, resoecjively): Indeed, in Ankazobe it would seem 
that individuals h>sonr> housing groups are almost never 
exposed to P. falciparum malaria (our unpublished obser- 
vations). Recent evidence from a heterogeneous popula- 
tion in a malariaiendemic Sri Lankan area has indeed 
shown that indhaduals: Irving ifi better constructed bouses 
have a significantly lower parasite exposure rate (47). 

After pooling the data from the 280 individuals, a weak 
correlation was found between Ab responses to the pep- 
rides LSA-Rep and LSA J (f - 0.50), LSA-J and LSA-NR 
( r = 0.45) and LSA-NR and LSA-Ter (r = 0.62). Never- 
theless, after classification of individuals into positive or 
negative respondent McNemar X 2 showed a clear 
dissociation between individual responses to any two pep- 
tides. The presence of two distinct B cell epitopes in LSA- 
Rep and LSA-J, as suggested by the finding that 24% of 
the individuals having Abs to LSA-Rep were negative for 
LSA-J, was confirmed by peptide competition ELlSAs, 
Pwincubarjon of hyrjerimmune serum (with high Ab levels 
to both of these peptides) with increasing concentrations 
of one peptide in soluble form resulted in increasing inhi- 
bition of recognition of the same peptide (when bound to 
the EUSA plate), although it had no iimfoitory effect on 
Ab recognition of the other (bound) peptide (Fig. 9). LSA- 
NR, included in the assay because it shares a 4-aa overlap 
with LSA-J, showed a marginal inhibition of LSA-J only 
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Table H. ^ l*C an* CS pep** in *c three r^ons of diS^ng ma/^a 



Peptkte 
LSA-j 

LSA-T« 
R32tet32 



8.88 
(0-7-22,8) 

2.80 
(0-6-9.4) 

(0«4-4,2> 

1.06 
(0.3-3.1) 

5.63 
10.8-23-5) 



<0-01 
<0.05 
<GJQ5 
<0,OS 
<001 



Mean 

5,50 
(0.3-15,9) 

2SX> 
(0.2-12,2) 

1-15 
(0.3-8O) 

0.79 
(0.2-6.0J 

1.66 
(0.5-5.7) 



Prot> 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 



Mean 




5.39 




(0>-22^) 




2.38 


OS 


(0.3-10-7) 




1.09 


17$ 


(0.3-4-4) 




1-00 


n* 


(0.3-^.4) 




2.13 




(03-8.4) 
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ai high corKenoations and no inhibition of LSA-Rep. It is 
likely that the novel B cell epitope in LSA-J is caused by 
the presence of the argininc (R) variant in tbc place of the 
usual serine (S) at position 4 of the repeat unit of this 
peptide. Conversely, competition assays nm using two 
17-aa repeat peptides differing only in their first residue 
(E-»G; set Table IT), revealed that this particular fre- 
quently occurring substitution did not engender a distinct 
B cell epitope (data not shown). 

Because the Ankazobi Ab BUSA assays were per- 
formed on sera collected the day of blood sampling and 
PBMC preparation, wc compared Ab and T cell (prolifer- 
ation and TFN*7 secretion) responses. Some degree of cor- 
relation was observed between T ceil proliferation to 
LSA-NR (in the presence of rlL-2) and Ab response to 
either LSA J (r - 0.462, p < 0.02), or LSA-NR (r - 
0.417, p < 0.03), although no other correlations were ob- 
served. The subset of 18 individuals for which the entire 
set of T cell and Ab tests had been performed was then 



analyzed. Of the 15 individuals snowing an Ab response to 
our LSA-1 peptide*, 13 also had a detectable T cell re- 
sponse to at least one of the four peptides. Conversely, of 
the 16 individuals having a detectable T cell response, 13 
had Abs to 1 or more LSA-1 repeat peptides. None of 
these individuals snowed a total absence of both Ab and T 
cell responses to mis set of peptides. 

To examine whether LSA-1 is the irnmunodominaol LS 
Ag, we compared out Ab data for the major B cell epitope 
LSA-Rep with results from previous IFAT titration studies 
on whole P. falciparum LS, performed tor 36 and 30 sera 
torn Podor and Ek>nse\ respectively (unpublished data). 
These IFAT studies had revealed that all sera, from both 
the low and high transmission regions, contained Abs to 
LS Ags (Podor: geometric mean of end point titers - 
1/2,600; range - (1/200, 1/25,600); Donse; geometric 
mean = 1,2,500; range = (1/800, 1,6,400)). For the Podoc 
sera, 2g of the 36 LS-powtive sera had Abs to LSA-Rep 
and there was a good overall correlation between IFAT LS 
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FIGURE 9. Competitive inhibition 
EUSAs. ELBA wells were coated with 
(A) ISA-Rep or id) LSA-J and incu- 
bated with the hyperimmune serum 
SHIS in the presence of dlferent con- 
centrations of the test inhibitory pep- 
tides LSA-Rep (□), LSA-J <A>, or 
ISA-NR <•). Percentage of inhibition 
at each test concentration was calcu- 
lated with respect to the OD A93 value 
of the hyperimmune serum incubated 
in the absence of test inhibitory pep- 
tides. No inhibition was ever re- 
corded with the test peptide LSA-Ter. 
Results are . shown for one of three 
comparable experiments using differ- 
ent hyperimmune sera. 




Concentrations ol competition peptide (nsAnJ) 



titers and Ab levels to this LSA-1 repeal peptide (r - 0.64, 
p < 0.001). In contrast, in Dons*, where natural sporozoite 
infections arc 20 to 100 times more frequent, 28 ( pf the 30 
sera also had Abs to LSA-Rep, however, there was no 
correlation with 1FATLS rJiera (r = 0.03, n.s.). suggesting 
the co-dominance of other LS Ags. 

Discussion 

Until recently, the IS of the life cycle of the malaria par- 
asiie has attracted litUe attention, this was caused largely 
by the difficulty of obtaining LS parasites, particularly in 
the case of the human malaria pathogens, and to the earlier 
widely held assumption that this stage was immunologi- 
cally "silent." It is now evident, however^ that immuno- 
logic mechanisms can act upon this stage (10, tl). In this 
report we contribute to current knowledge about the hu- 
man LS by showing that LSA-1, the only known P. fal- 
ciparum Ag that is expressed solely during this stage, does 
induce a wide range of immune responses in a large prtv 
portion of malaria-exposed individuals* Furthermore, our 
data indicate that LSA-1 is actively synthesized during 
liver schizogony and is highly conserved, id the N-termi- 
nal and C-terminal regions, at least between the strains 
T9/96 and NF54. 

By repeatedly cultivating P. falciparum LS parasites in 
viiro, so as to obtain sufficient parasite material, we have 
been able to determine the molecular mass of the LSA-1 
Ag as being 200 kDa. Only this single polypeptide was 
labeled with Abs to LSA-1 and Its size agrees closely with 
that predicted from the gene length. This is the first report 
of the molecular mass of a F. falciparum Ag in the LS. 
The 6tudy of LS forms at different stages of maturity re- 
veals that LSA-1 can be detected from the early (tropho- 
zoite) stage of intrahepatic development onward and is 
found in increasing quantities as the parasite matures. 
LSA-1 was localized, by immunoelecrron microscopy, to 
the flocculcnt material present in the parashophorous vac- 



uole, (PV) space. We previously observed that this material 
is initially contained in small vacuoles present in young 
LS forms, which subsequently f^se-to the plasraaJemma 
and open and pour their contents into the ?Y space (48, 
49). Interestingly, this flocculcnt material, son* of which 
may adhere to the merozpite^ was found to form a stroma 
in which the hepatic merozoites are released, leading to the 
hypothesis that it may facilitate their passage to the sinu- 
soidal blood stream and subsequent invasion of .erythro- 
cytes (50), It is noteworthy that our protein sequence anal- 
ysis; supported by circular dichroism OTdieSj ha^j&howTi 
that the LSA-1 repetitive region forms Uninterrupted 
stretch of a-helices which, assuming a helical^rise of h5A 
per aa, is exwordiiiarfly long (ca. 22Q*ro)n)TT*is,size is 
compatible only with fibrous strucmres. . Further .eYidence 
in favor of the fibrous nature of the LSA-1 polypeptide « 
provided by the regular spacing of hydrophobic! residues 
all along this stretch, strongly evocative of- a relatively 
flexible a-helical coilcd-coil stem, This organization is 
comparable with that of M proteins, protruding fimbriae of 
about 50 nm in length that are seen on the surface of 
Lanccfield group A sfreptococci, and whose role, interest- 
ingly, is to protect bacteria from C-mcdiated phagocytosis 
(reviewed in Ref . 34), 

Analysis of the sequence data foe strains T9/96 (of That 
origin) and NFS4 (of likely African origin) shows that the 
LSA-1 gene sequence is highly conserved, both in the re- 
petitive and imnrepetlrJve regions. No small insertions, or 
deletions, or strain-specific V regions were observed in 
contrast to some polymorphic blood stage Ags (29). The 
nonrepetitive regions arc remarkably well conserved for a 
P. falciparum Ag, with nucleotide substitutions occurring 
in ooly two positions out of the 1.3 kb, both giving rise to 
aa substitutions, A recent report of partial sequence of the 
G-ternuna! nonrepetitive region (residues 1660-1761, 
which include the LSA-Ter peptide) of the Honduras clone 
HB3 (51) also reveals 100% aa identity between these 
three separate strains. Comparing T9/96 and NF54, the 
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significantly higher frequency of aa variants in the repet- 
itive region, in comparison with the nonicpctlrfve regions 
(5.6% vs 0.5%, respectively; v 2 = 213, p < 0.005) would 
suggest that selective forces arc acting differentially upon 
these two regions. Interestingly, diversity in the repeat 
units is restricted to a limited subset of aa residues, with a 
high proportion of norisynonymous substitutions, and gen- 
erally involves only two possible variants at each of these 
positions. Because these repeats arc now known id contain 
both B and T cell determinants, it would be revealing to 
know whether these variants preferentially create new T 
cell or B cell epitopes, as this may provide evidence as to 
what type of immune pressure could be operating on 
LSA-l repeats. 

Our search for LSA-l T cell determinants outside the 
repeat region has focused on the C-terminal hinge. Anal- 
ysis of T cell responses to three peptides from this region 
(LSA-J, LSA-NR, and LSA-Ter) and to the repeal peptide 
LSA-Rep, in individuals from the low transmission area of 
AnkazoW revealed that indeed all four chosen LSA-l se- 
quences do contain T cell determinants. These determi- 
nants are, thus, present in both C-terminal nomeperitrve 
regions and in the repeats themselves. Responses were the 
most elevated for the peptides LSA-Rep, LSA-NR and 
LSA-Ter T being detected in 15 to 20% of individuals in the 
standard' proliferation assay and in 36 to 39% of mdrWd- 
uafi in- flL-2rsupplemented assays. In ait FBMC from 
; 13% of 'individuals showed a positive proliferative re* 
sponsefo at least one of the four LSA-l peptides. The 
dissipation of responses to the four LSA-l peptides 
would Suggest that these epitopes can act in a complemen- 
tary' ri&uieT in individuals of diverse MHC baplotypes,' 
RecW Studies performed in endemic regions of much 
higjierendemiciry In the Congo and Senegal showed that 
jndjvidifals from these countries also recogfti2ed T eel) 
deierrnloants in ail four LSA-l peptides (manuscript in 
preparation), Furthennare, the prevalence of responders 
varied significantly with time, although it could reach very 
high levels with, in particular, the peptides LSA-Rep and 
LSA-NR being recognized by the majority of the popula- 
tion samples in one study. The lower prevalence of re- 
sponders in Ankazobe could be caused by the lower trans- 
mission rates or to the longer interval between blood 
collection and initiation of PBMC cultures. 

The four peptides studied represent only a small region 
of the LSA-l molecule and almost certainly represent only 
a subset of the total T cell determinants present In LSA-l. 
Nevertheless, the prevalence and magnitude of positive 
proliferative responses to three of the four LSA-l peptide 
studies compared favorably with those observed with a 
Th2R peptide (strain 7G8), identified as being one of the 
major human T cell determinants of the CS protein (67- 
The prevalence of responders to this latter peptide in the 
low transmission area of AnkaxoW is coherent with pre- 
vious findings on Th2R proliferative responses from other 
endemic regions (reviewed in Ref. 52). In contrast to the 
CS Th2R region, which is known to be highly polymor- 



phic (11, 53), present evidence suggests that the identified 
C^ermm&I LSA-l T cell determinants are well conserved. 

IFN-y production in response to LSA-l peptides was 
also studied because IFN-y is the most potent cytokine 
known to aa upon P. falciparum liver schizogony in vitro 
and is elective even at very low concentrations (0.1 IU/ 
ml) (46). Moreover, IFN-r-mediated inhibition of LS is 
one of the few mechanisms whose effect has been con- 
firmed in vivo in both primate and rodent models (re- 
viewed in Ref. 5*> LSA-l peptides were found to induce 
Ag-specific IFN-7 secretion in FBMC of a large propor- 
tion of individuals, ranging from 22% for LSA-J to 48% 
for LSA-Ter. Secretion of this cytokine in response to 
LSA-l Ag stimulation was dissociated from the T cell pro- 
liferative response in the PBMC of individual donors. 
Such a idissociatioo is frequently found with R falciparum 
Ags (55). Considering the subset of 18 individuals for 
which all tests were performed, it was remarkable that in 
this low traramisston region, 17 of these individuals re- 
sponded either by SEN-y production or T cell proliferation f 
; to at least one LSA-l peptide, ) . . . : 

In rMs study we confirm and extend our preliminary / 
observations (4) that the LSA-l repeat units encode major 4 ; 
B cen.aN^erminants. Indeed,, even in the low transmission : ; ] ■ 
; areasof Podcr and Ankazobe" the prorjortion of Ab carriers j . . 
ip> LSA-Rep exceeded 7596. Our Ab data, ro^th^wrth the, y, f 
V;fBci : that repeats were contained in all of the original 26; {; ' 
' ?<&b?$el©cted LSA-l clones, indicates that the repeat region . 
i^oirtains the major B cell determinants in LSA-L Thcsc^.- ' tv? 1 ; 
: ^ei:1iowevtr P not the only B cell determinants, as evi^- -i;V> 
jdtk<pd : by the finding of a notable B cell epitope in the 
^C-tei^mal peptide LSA-NR, Abs to which were found inV ^ 
. ;^4.% 5 pf individuals in the high transmission area of Donse\ ..jr. 
.Interns of both prevalence and mean IgO Ab levels* the r ,^ 
itesponse to the repent peptide LSA-Rep in the study pop-?*- i,^ 
ulajions exceeded that observed with the comparative Ag ; ,v 
>R32tot32, encoding the CS repeats. The prevalence rates ) 
of Ab responders to CS repeats in our study is, neverthe- 
less, in good agreement with those observed in high trans- 
mission and low transmission areas of Burkina Faso (56)> 
of comparable transmission rates with Dense" and Podor, 
respectively. 

Portlier evidence indicating that LSA-l is highly immu- 
nogenic in exposed individuals comes from the finding 
that Abs to LSA-l repeats were found in half of the chil- 
dren under 5 yrs of age in the low transmission areas of 
podor and Ankazobe. Given that in these two areas the 
number of infectious bitea/mdividual is in the range of one 
to five per year, with an estimated average of ca. JO sporo- 
zoitcs entering the Woodsrream (57), a proportion of which 
arc unlikely to reach host hepatocytes, it is remarkable that 
the LSA-l Ag is capable of inducing such a high degree of 
immunologic response. This is consistent with our finding 
of potent T cell epitopes in LSA-l. 

Preliminary studies aimed at identifying the phcnoiype 
of the lymphocytes that proliferated in response to these 
LSA-l peptides would indicate that both CD8*** and CD4 + 
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lymphocytes were present in the population of proliferat- 
ing cells. Typing of blastic cells using either anti-CD4/ 
Bnt>-CD8 or anti-CD4/anti-CDll mAb (Coulter) on Ag* 
stimulated PBMC of two individuals showed thai a 
substantial proportion of the responding T cells were of 
the CDS phenoiypc (28 to 36% of the total proliferating 
lymphocytes in response to either LSA-J, LSA-NR, or 
LSA-Ter). Studies to address this issue m greater detail are 
presently ongoing. 

How the LSA-1 Ag is presented to the immune system 
is currently unknown. This could conceivably occur either 
after transport of LSA-1 material outside of the olstended 
hepatocyte, or as a consequence of host defense-driven 
lysis of the infected cell interrupting normal liver schizog- 
ony, or by contact with the LSA-1 containing stroma in 
which the thousands of mature hepatic mcroxoites emerge. 

Recent writ has demonstrated lhat a wide range of B 
and.T cell-dependent effector mechanisms can operate 
upon infected hepaiocyies. Nevertheless, the majority of 
these mechanisms have been described in experimental 
models and are known to vary depending on the host/par- 
asite combination (reviewed m Refc. 10, 11, and 54). In 
the case of P, falciparum in humans, the relative impor- 
tance of these efector mechanisms still needs to be clar- 
ified; Our present study demonstrates that the purely LS- 
specific Ag LSA-1 contains potent B and T cell epitopes. 
This icomplements the recent finding (5) of two MHC 
dass-I restricted CTL epitopes near the C-terminal ex- 
tremity of LSA^l (aa 1786-1894 arid aa 1850-1857, sit- 
uated more than 60 ^ downstream of our most N-terminal 
peptide L5A-Ter)/Which were found to be conserved in a 
wide range of field isolates and are equally conserved in 
19/96 and NF54. Whichever mechanisms rum out to be 
the most critical for P. falciparum, it is clear that LSA-1 is 
capable of eltcm'ng^a wide range of immune responses, 
namely. Ab production, T cell proliferation, TFN-y secre- 
tion, and CTL activity. Thar such a repertoire of responses 
are generated against this Ag in individuals living in en* 
cfcrnic regions would suggest that they may participate in 
providing naturally acquired partial protection against pre- 
erythrocytic stages, which by optimal immunization may 
be enhanced to a slate of full protection. 
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